This paper proposes a direct identification method based on earthquake observation for an MDOF linear flexural-shear building model. The method identifies both shear and bending springs in the time domain by utilizing the horizontal responses at each lumped mass. The identification is conducted from the first story to the upper stories, and the last process is to evaluate the equivalent shear spring in the highest story. The advantage is to require neither iteration analysis nor ARX models nor frequency transmissibilities. Numerical examples indicate effects of damping matrices, a statically condensed stiffness matrix and noise in measurement.
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) ( This paper proposes a direct system identification method for an MDOF linear flexural-shear building model. The identification can be applied to earthquake observation records. The method aims to evaluate both shear springs and bending springs in the time domain by utilizing acceleration and displacement records in the horizontal direction at each lumped mass. The use of horizontal measurement means that stiffness matrix is condensed statically in a flexural-shear model. By comparing to the references, the advantage of the new method is to require neither ARX models nor frequency transmissibilities nor iteration analysis with assumption of bending-shear spring ratios. The identification process is relatively simple because the unknown parameters are directly determined by the Least Squares Method or the Total Least Squares Method. The newly proposed method improves the complexity of the previously proposed methods.
The identification is conducted from the first story to the upper stories, and the last process is to evaluate the equivalent shear spring in the highest story. The theory proves that identification of both shear spring and bending spring is impossible in the highest story. It means that an SDOF flexural-shear model cannot be identified by utilizing only the horizontal responses. The assumption that the rotational angles in all stories are zero introduces a shear building model.
In the numerical examples using earthquake responses of a 4DOF flexural-shear model, the identification can neglect a moment of inertia at each lumped mass and the damping matrix in the equation of motion. The Total Least Squares Method becomes more effective to the measurement with noise than the Least Squares Method. The effectiveness is remarkable when 5% or 10% white noise is added to each true response. When the noise level is 20%, the identification is possible in shear springs and it is impossible in bending springs. The evaluation of bending spring is more difficult than the evaluation of shear spring. When the measurement includes a lot of noise, it is recommended that the damping coefficients are identified through the modal identification using ARX models. The noise makes the direct identification of damping coefficients difficult.
In the numerical applications to 6DOF, 8DOF and 10DOF flexural-shear models, the applicability of the proposed identification goes up when structural damping ratios and moments of inertia become small. In a damped building model, the accuracy of bending stiffness becomes high in the stories from the ground to the 3/4 building height. 
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